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1. INTRODUCTION
The process of indexing incoming documents (generally by
assigning terms, {.e., words o. word phrases, to them to {ndicate thair

content) is comson to most retrieval systems, Classification or aasign-

ment of such terms or documents to classes, is likewise an iwportant operation

in such systems. VFor example, & very rudimentary class( fication system

might consist of classes of the form "al)l documents indexcd by the

term X",
There are various devices which supplement the basic process of

indexing and thereby innxesse retrieval effectiveness. These are suomarirved

by Cleverdonl, vho 1is in the process of testing thelr comparutive utility,

Salcon'a SHARTIS system is also designed %o enable testing of such devices,

Doylaz has poinfed out two somevhat contrasting approsches to information
retrieval, each one involving & device or a group of devices for

generating additional information to aid i{n retrieval.

The firast approach is to concentrate on the ciassification of

documents or terms, perhaps using a hierarchy (which might be automatically

generated) to exhibit various relations among them. 1wa other approach

builds in the concept of coordinate indexing, which permits requests for

documents indexed by logical combinations of terms, The extensions to
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coordinate indexing which form this second approach are probabilistic
invexing and stetistical associstion techniques,

Probabilistic indexing was proposed in 1960 by Marcn and Kuhn-3.
The buasic idea {s that in the process of manually indexing & document, the

indexer associates with aach document & ant of ordeged paire rathey than =

set of terma. The first element of each ordered pair is a term and the wsecond

& subjective estimate of the relevance of the term to the document, or more
precisely, the probability that the document will be consldered ralevant to
a request containing that term, This &ssignment permits the computation of
& reievance scorp of a document relative to & request,

In the use of statistical association techniques, a coefficient
of association im computed for each pair of term, indicating the degree
to which the two terms co-occur in the document collectiuin. This
co~occurrence can be efther in the liat of terms foir & puruicular document
(the document's index set) or by association in the docu...l text, say,
by appearing within a certain dietance of each other. Thia tendency of
certain terms to co-occur provides a relationship which cai. be exploited
in retrieval: a search can be wade not only for documents indexed by the
requested terms, but also for documents indexed by terms closely associated
to the specified onesg. As a result, documents may be retrieved which are
useful to the searcher even though indexed by a8 combination of terms he
would not have thought of suggesating,

Historically, adherents of the two approaches have often formed
opposing camps, Several years ago, there was much emphasis among computer-
oriented people on the coordinate indexing approach &s a solution to
deficiencies of classification systems such &8s thelr difficulty in

handling the coupling between interdisciplinary fields, More recently,
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the eseletance which a classification aystem can provide a requaster his
ied to research on automatic classification, Statistical association of
terms has sarved to soms extent as & cie berween the wo approachss, since
in addition to L{ts uss {n tha first arsa (in sxpsading requests to include
assoclated cterus), it is used in many dchemss for the automstic generatiom
of classification systems, Doyle ballaves that a synichesis of the two
approaches will provide particularly satisfactory results., 1t 1w
iuteresting to note that Cleverdon's ressarch has led him to tha opiniom
that for a weli indexed set of documents, moet of the verious devices
or approaches are potentially capable of equally good pegformance, and
morsover, the basic process of indexing is not crucial ct« good retrieval,
Thes purposa of this document is to review priog ressarch in thase
twvo areas, relate it to Project VECTOR/ROSE, and to recomssnd experiments
for determining the extant to which vord association techuiques cun be

introduced into tha Moore School Ianformacion System,
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Lee touEXidve Abvd VOCABULARY GENERATIUN CUNSTIDERATIONS

Before going into details on the two approschc« (o {nformation
ratricval, borh of which start with indexed documants, tt miyht be
beneflicial to survey the research in automatic {ndexing., Tho classic
article on this topic is that of Edmundson and wyllyia » in vhich they
sugpgest thr. the index tetms for & document could be the terms whose
relative frequency {(n the document (s significantly higher than their
relative frequency in the literature as a whole. Experimental results
reported by Damerﬂus are encouraging. O'Connor6 organized an expsriment
in the automatic assigning of two medical terms to documenc: La which
they do not necessarily appear. The approach ie somewhat analogous to
searching for dpcuments to eupply information on these terme in an
fnformation retrieval system incorporating statistical asgociations, a
thesaurus, and various other aide. O'Connor's survey uucle7
discusees various operations (such as indication of antgaedents of
pronouns) that wight be done on a document prior to the autual process
in which index term: are assigned, and gives the impressiuvie that adequate
completely automatic indexing {s some distance in the future,

A closely allied topic which should be wentioned at thie
point is automatic vocabulary generation., Here the object is to find tha
words which are important in the document collection as a whole rather
than the important words in & single documant, A method for doing this
is treated by Dennh8 + The hypothesis {ie that the . informative worde
will have roughly the same zrelative frequency within all che documents,
but that the informative words will have a skewed distribution of relative

frequency , i.,e., in soma documents they will appear with a comparatively




wigh yrcquency bub A0 Wosi documanta thay will have & very lov frequency
or not sppesr 4t all, Note the relation betwaen this use of relative
frequency and the approach of Edmundson and Wyllys, The hypothasis

¥as tasted by Dennis on & sak of legsl literature and the measurs

of ekownass proved to ba & better test of importante thaun several

oLl.er measures,
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111, STATISTICAL ASSOCIATION TECHNIQUES

Of the two approaches te information retrieval which tnis
report snalyzes, one (eutomatic classification) has no single pionser
peper. Por the other {scatistical associstisn techniquas, including
what Doyle calle associative machine gsarching), the 1760 papay by

Maron and Kuhn53

fs & landmark. Thair concept of probabilistie indexing
was discussed briefly earlier, This edms paper 'lso introduces tha
idea of statistical aassociation of indax terms. It suggests that Lf two
terms "X" and "Y' appear together more frequently in the set of terms
indexing a document than they would by chance, then & request containing
"% could ba axpanded to 'X'" OR 'Y'", thus ‘mproving recall (the fraction
of relevant Jocuments retrieved). Suppose scweona is intersated in
documents about "cartoons'. If the closely associated terms "animation"
"Jalt Disney", ete,, are added to the request perhaps asutomatically,
relevant documents which did not happen to be indexed under ‘‘cartocns"
might be retrieved, The computation of a relevance acore for documsnta
with respect to & requast psrmits discarding of documents with a low
score and hence allows some dontrol over precisioen {(the fraction of
retrieved documents which are relevant). The documents vhich have besn
discarded can bs retrieved, Lf desired, in order of decreasing relevance
scors,

Anothar fmportant early paper on statistical assoclation
techniques is that of setla‘g + He also makes association of & pair
of terms depend on their co-occurrence in index sets of documsnts, and

calls hio measurs of ths association of two terms their “associstion

factor". He points out that a pair of synonyns uay hava a fairly low

|
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same documants. But on the other hand, they are both likely to have
high sssociations with related terms. Por example, "movie" and '"motion
pietura' might have a low aswociation factor, but they would both be
highly associated with “production”, "£fiim", "thesater™, etc. Stiles
would gy “wmovie' and "motion picture’ have & high second generation

association., The syatewm proposed by Stiles expands requests to

fnclude ficet and sacond generation asesocfated terms, and computes document

televance scores based on the association factors between the terms of
the document's index set and the terms of tha expanded requast,
In lateyr papers Stlles advocates having the reguester aseign

weights to the terms he specified, then presenting him with a list
of associated terms and permitting him to add to his original list
or to revise weighte, Experimental results show that thie approach
can provide greater recall than pure coordinate indexing, and (as in
Maron and Kuhn's system) the uder can examine the retrieved documents
in order of their estimated relevance to his requast,

D°Ylelo'llpropoacd the concept of sn arsociation mup, a
two-dimensiuvnal display in which highly associated terms would be
close to each other and would be joined by a iine. Tha psattarns of
associations presented by such a map could suggest additional terms that
a4 requesdter might add to his request, or could aid in the manual
compilation of s thessurus. Doyle later came to believe khat a
hierarchical association map, in which term hierarchies based on
relacive frequency of occurrence are displayed more prominantly than

pure stati{stical assocliation, would be more effective than & map which

e ety e —em el e meam




divplayed anly statimiicsl eswoorations, Heoet recenily his sctention
has been centered on & different schema for sutowitic hierarchy
generation, discudded in the next section,

A deornilad treatment of the mathswarics gf sspostiative
retrieval came from Guiliano and Jones in 1963 12. They proposs & model
in which a lingar transformatfon of a requeat vector results in a
response vector. The couwponents of the requast vectar ara tha waights
agsignod to the different tacms by the requaster, and tha componants
of the response vector are relevance scores for ths dodusents in tha
systum, Tho request vector is first premultiplied by an index term
association matrix, resulting in what can be considered g modified
requeat vector; the components correspounding to terms ngt in the
original request but highly sssociated to those terms wis} now have
a non-zero value. This vector will then be multipliad by a term-document

connection watrix, whose typical element ¢ ., could be the weight

i)
assigned to term } as it indexes document i, obtained by ptoblbiltltic.
indexing. The resulting vector will be in the form of s response
vector, Finally, an optional multiplication by a documant associatiom
matrix could adjust the components (relevance scores) to take into
account assoclations between documents, Various nochod} of obtaining
the matrices associated with the transformation are disgussed, and an
electrical network analog for occomplishing tha trangflermation is
explained. In the latter, the componsents of the requadt vector are
supplied to the network as currents, and ths responsa compouents sre

produced as voltages.




£ wekt OL oiklablICH. &B80CAALAOND weCiiliywu Ly on® of the
options of the SMART Retrieval Systam developed by Salton at levardla.
Ansociation coefficients can ba computed using eiiher co-occurrencs
of a pair of terms oxr concepts in & sentence or co-occurrence in tha
fndex set of & documant., Sslton calls a group of closely sssoclatad
terms a4 cluster, If one of tha terms in a cluster is part of a
request, the user may, if he wishes, add the other terms of the
cluster to the yequest.

Saveral reports on recent research in the ares of statistical
association techniques as well as zutomatic clasotitcc:tpn are contained
in a survey by Mary E. Stevens 8. Discussion of possibje applications
of statistical association techniques to Project VECTOR/ROSE will be

held until Section V.
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aV. AUTOMATIC CLASSIFICATION

‘‘wo types of classification should be distinguished:
classification of concepts or terms and classification of documents.
A claseification systewm for concepts L2 often & sei of successive

partitions of the knowledge to be classified.
can be viewed as & tree structure whers the top node (the root)
rapresents the wholé fleld of knowladge, the nodes ons level dowm
represent the large subdiviaions of the field, esach set of nodes on
the third level represents & puctition of a large subdiyision, etc.
The relation of & node to 4its succeasors is that of generic concept
to more specific concept, Cevarally thw nodes are lnbcl’d and sll

conceptes or terms can be found as the label of soma node in the

hierarchy, One of the criticismes of classification systgms is thst it

is ofven difficult to assign just one predecessor node, for exmsple,

if an interdisciplinary councept is involved, Due to problems such as

thie, sevaral classificaetion schemss permit 4 concept to ke an

iomediste member of more han one class, f{,e., they alloy a node to

have mors than one fuedi.:tc predecessor,
Classification of documents is a womewhat diffejent ides,

though often a concept classification system s adapted ayd a document

is asaigned to the class corresponding to its main concept.

However,

documents could be grouped according to the similarity of their index

sets, hence avoiding explicit use of a concept classification.

One of the purposes of clastification {3 to aid in assigning

and identifying the physical location of documents in storage., But

it aleso has another use: 4if a concept hierarchy fa svailable, » user

-0 -

Thess auccessivae partitiouns




—

[T —

can locate the terms he was thinking of putting in his reguest, and upon
inspection of more ganaral or more epscific terms or pairsilel terms on

tha trea, he mpy alter his requast to improve his chances of ratriaving

what he wants. Siwilarly, if there is & document classification schame

and the user knows one document that is relavant to his weeds, ha nay
want to inspact all the other documents in the saws claus.

Automatic classification schewds fall into twg categories:
asutomatic placement of documents or terwu in & praedetermined classification

system, or autouwatic generstion of the claseification sypstem and placemsut

of documents or terwms in it, Most of the aystems take imdexed documents

as input and make use of the statistical association of thrms or soos

related concept. The majority of the systems work with a two-level

hierarchy, corresponding to & single partition,
Another way of looking at classificazion systeas is via

vector spaces. Suppose all knowledge is considered to be an m-dimensionsl

vector space. Then one mijht represent concepts a8 points in this
apace, and similar concepte would be closer together than unrelated ones.
The successive parcitions could be visualized as sets of “hypersurfaces

ia the space. (Material relevant to this viewpoint is eontained in

some of the literature on pattern recognition.) Some of the pecple who

view clasasification in this way are not very explicit about what the

axes would be or how points are located in the space, & §., Maron and Kuhns,

14
and Heyes . Borko's factc. analysis spproach results i{n & space of

smaller dimension than the original in which cor.apts are axas rather than

points, and documents Are repreosented as points. A request can be viewved

in this framswork as a point or set of points in the vector space, sad

-11-




the raetrieval problem can bs charactarized as finding document points mear
to the request point or puints by some distance measure, Maron and Kuhnse
consider the request space and document space to ba distinct and
retrieval to ba a mapping from the former té tha latter.

nnronls proposed one of the earliest methods for automatic
classification of documants, utilizing the occurrence of kay wvords i{a
abstracts and Bayeuian probability formulas. Ha used a predsterminad
classification system, as did Williame. As an extension of Edmundson and
Wylly's ides that each fiald of knowladge is charactarized by a special
distribucion of word frequenciea, Htllilﬂ016 experimanted with the use
of multiple discyiminant functions in the sutomatic classification of
documents. This procedure secewed to ba quita successful in classifying
solid state physica absctracts,

One of the earliest approaches to automatic classification of
terﬁa. and one which involved automatic gensration of the categories,
was pursued by Needham, Parker-Rhodes, et al, at the Cambridge Language
Research Unit in xngland17’18 + Their system forms non-uxclusive
subsets (called clumps) of a cet of terms, such that termg in a given
subset are more closely related to each othar than to terms in other
subsete, Their idea is that documents can be indexed by clumps rather
than individual terms. Another approach, dus to Borko and Bsrnick 1?
i8 to use factor snalysis to group highly correlated terms into factors
or categories. Documents are autowatically . assigned to one of the
categories derived. Latent class analysis, proposed by B‘kotzo. is another
scheme for reducing the large set of terus to a smaller set of classes.

This procass utilizes correlations of not only pairs of terms, but aleo

.12 -
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triples, or even larger sets, {f desired. The computation for
determining to which "latent class" to assign a docusent is relatively

straightforward, Uinter121

has proposed a modification in Baker's
schems to make computation more practical, No experimental results
have appeared yet for this mathod, though they are promised by
Winters, ‘

Lefkovitz and Prywcnzz'za have proposed a term ytnrnrchy
generating process, using what they call inclusive and exclusive
partitions. This hierarchy, which can have wmore than twg lavels aids ‘
in the process of request formulation by steering the requester away
from requests specifying co-occurrence of terms which do-npt co-occur
in the document collection., Documents are not explicitly 91¢|o1£tod
in this systenm.

Doyle24

has experimented with a multi~level hiesarchy generation
program written by Wexrd and Hook. This program opsrates oas indexed
documents, first grouping documents whose sets of terms are most nearly
alike, then forming larger and laxrger groups in such an order that at
each scage of the process, the most elumilar remaining groups are combined,
and finally the last two groups are joined., This process is in a sense the
inverss of successive partitions, EZach -group at any stage can be
thought of as & node {n & tree, whose successor nodes are ths nodes
representing the groups out of which it was formed. Doyls attempts
to identify the nodes of this tree with concepts, but wigh limited
success,

Other work on automatic clessificaction is repertad in

Steven's Statistical Association Methods 2l‘.

.13-




V, BVALUATION, POSSTIBLE APPLICATIONS, AND RECOMMENDATIONS

The experimental work which has been dons in the area of
automatic classification has not bsen every extensive and has besn
wore concerned with comparison of the resultas of automatic classification
versus manual clagsification than with investigation of how sutomaticelly
daxived classification can facilitate retrieval. Research in gensratioa
of two-level hierarchies or placement of documents ia thém ié further
along the road to practical application than research in multi-level
hierarchies. But a two-level classification system, while sn important
step toward a system with more than two levels, will prubably not have
a very great impact on information retrieval systems; what Lt dogs cen
be, and often is, done manually without a great expenditure of effort.
A multi-level clacgsification system, in which nodes woulu represent
concepts or terms and in which the tree structure wsuld display
relations such as generic-specific, seems to be considerabkly further
from realization than a two~-level acheme.

Needham, however, has an interesting basis for an optimistic
viewpoint, He says that human classifiers of terms know too much
about the meanings of the terms and their relations to each other, and
may make 4 clasgification system which is more detailed than nacessary
for a particular set of documents., The computer, having at its disposal
only the statistical data for the document set of interest, will not make
4 clagsification schedule with unnecessary detail, because it will have
no other aource of information to draw on. Tha obvious question is:

will this schedule have enough detail to be useful to people?

.14 -
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Oné problew which lurkes in the background of most sctatistical
association tachniques {s that the number of possible associstions of

n terms with each other, excluding self-associations, i» njg:&l .

Thus, for large n, the matrix manipulations can bscome quite umvieldy,
sven vhen using epecisl techniquas for dealing with sparse matrices,

The following is & list of possible applicstions of statiastical
assosistion techniques to Project VECTOR/ROSE:

A. In systeu establishment

1., Identification of synonyus and near-synonyus, hence
thesaurus generation.

2. Use of diagonal elemants of the square of the word
agsociation matrix, which correspond roughly to how
tightly bound & word is to the ather worda in a
document set, in determining what wayds should be
included in the controlled vocabulary or choosing &

“ thasaur from @ synonym set; this is sn alternative

to be compared with Dannise's vocabulary gensration
approach, etc.

3. Determination of what terms to pre-ceordinate or link

. by scanning of text or abytracts,
- 4, (possibly) Automatic generation of a glassification
3 system for terma or docuzsents,
] 5. Providing data for man-machins indexiug or classification,
-

6. Providing data for sslection of documents to include
in the systen,

Ll B. In syatem operation
- 1. Automatic expansion of a requast to include associsted
: terms.
. 2, Aesisting the usaer in formulation of request by

displaying associsted terms and tha relationships
through which they are assocliatad.

.. =15 -
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